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(54) SPIN VALVE EFFECT SENSOR 
(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a sensor achieving a large 
exchange linking magnetic field, by forming an antiferromagnetic film of 
a CrMnPt film of a bcc crystal structure and a ferromagnetic film of the 
bcc crystal structure, preferably forming the ferromagnetic film of an 
FeNiCo film, and specifying compositions of the films. 
SOLUTION: A non-magnetic undercoat film 102 is a Ta film having a 
thickness of 2-10 nm and a free layer 103 of a ferromagnetic film is an 
FeNiCo film having a thickness of 3-10 nm in a bcc crystal structure. A 
non- magnetic intermediate film 104 is constituted of 1.5 to 5 nm- thick 
Cu in an fee crystal structure, and a film layer 105 of a ferromagnetic 
film is an FeNiCo film having a thickness of 1.5-5 nm in the bcc crystal 
structure. An antiferromagnetic film 106 is a Cr30-70Mn30-70Pt3-30 
(at.%) film having a thickness of 5-20 nm in the bcc crystal structure. A 
non- magnetic protecting film 107 is formed of Ta. In sputtering the 
Fe20-100Ni0-38Co80-0 (at.%) film of the fixed layer 105, a magnetic 
field in a constant direction is applied to the film. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the spin bulb effect sensor used for a 

magnetic disk unit. 

[0002] 

[Description of the Prior Art] In order to detect the data recorded magnetically, using the magnetic-reluctance 
sensor using the anisotropy magnetoresistance effect is known well. Recently, the use of the more remarkable 
magnetoresistance effect returned to spin dependency dispersion by the layer interface to which resistance change 
of a magneticreluctance sensor accompanies spin dependency transmission of the conduction electron between 
the magnetic layers through a non-magnetic layer and it is studied. This magnetoresistance effect is called under 
the name of the "huge magnetoresistance effect", the "spin bulb effect", etc. Sensitivity is improved and such a 
magnetic-reluctance sensor has a large resistance change rather than it is observed by the magnetic-reluctance 
sensor using the anisotropy magnetoresistance effect. 

[0003] The spin bulb effect sensor is formed on the matter with the suitable laminated structure containing the first 
ferromagnetic separated by the nonmagnetic membrane, and the second ferromagnetic. One of the ferromagnetics, 
for example, the magnetization direction of the second ferromagnetic, is external impression magnetic field zero, and 
it is being fixed to the first magnetization direction and perpendicular of a ferromagnetic. Fixation of the 
magnetization direction of the second ferromagnetic makes an antiferromagnetism film adjoin, and is performed by 
the switched connection of an antiferromagnetism film and the second ferromagnetic. Then, the second 
ferromagnetic may be called "fixed bed." The fixed direction of the typical magnetization is as perpendicular as a 
surfacing side. On the other hand, according to an external impression magnetic field, it can rotate freely, and the 
magnetization direction of the first ferromagnetic may be called "free layer." According to an external impression 
nriagnetic field, the magnetization direction of a free layer rotates freely, and the angle between the magnetization 
direction of the fixed bed and the magnetization direction of a free layer changes inevitably. The spin bulb effect 
sensor is a magnetic-reluctance sensor which uses that electric resistance changes according to angle change of 
these magnetization direction, and changes the magnetic signal from a medium into an electric signal. 
[0004] It is required for the antiferromagnetism film as a bias magnetic field impression means that the switched 
connection magnetic field between a ferromagnetic and an antiferromagnetism film is large and that the "blocking 
temperature from which it defines as the temperature to which a switched connection magnetic field disappears 
further should be high. It is indicated that the antiferromagnetism films which are satisfied [ with the Europe patent 
EP 490608ANO. 2 ] of these are FeMn and a NiMn system antiferromagnetism film. A big switched connection 
magnetic field and blocking temperature are shown between these antiferromagnetism films and a ferromagnetic 
NiFe film. However, there are many points that it is remarkable, and is low and an application top is difficult for 
corrosion resistance. 

[0005] Then, Or30-70 Mn30-70 Pt 3-30 (atomic %) is proposed by JP,9-16923.A etc. as a corrosion-resistant high 
antiferromagnetism film, since this CrMnPt film has many Cr contents, if corrosion resistance is improved and 
corrosion current density is measured — an antiferromagnetism CrMnPt film — 10-4 A/m2 it is — 10-2 A/m2 of an 
antiferromagnetism NiMn film It compares and excels extremely. 

[0006] This antiferromagnetism CrMnPt film is growing epitaxially on the ferromagnetic NiFe film which has the fee 
crystal structure in spite of having the bcc crystal structure, and JP.9-16923.A says that a big switched connection 
magnetic field is acquired when [ this ] growing epitaxially. 
[0007] 

[Problem(s) to be Solved by the Invention] However, depending on the conditions of sputtering, it was very difficult 
to grow epitaxially the antiferromagnetism film which has the bcc crystal structure on the ferromagnetic of the fee 
crystal structure, and distortion arose in the adjoining crystal lattice, a switched connection magnetic field is small 
and it had a bird clapper. 

[0008] Then, in this invention, it aims at offering the spin bulb effect sensor by which a big switched connection 
magnetic field is acquired by making the same crystal system of the ferromagnetic which adjoins an 
antiferromagnetism CrMnPt film. 
[0009] 

[Means for Solving the Problem] In what an antiferromagnetism film is made to adjoin a ferromagnetic and is fixing 
the magnetization direction of the aforementioned ferromagnetic by the switched connection between the film, the 
aforementioned antiferromagnetism film is a CrMnPt film of the bcc crystal structure, and the spin bulb effect sensor 
of this invention is characterized by the aforementioned ferromagnetic carrying out the bcc crystal structure. 
[0010] Moreover, it is desirable to have the composition the aforementioned antiferromagnetism film is indicated to 
be by Cr30-70 Mn30-70 Pt 3-30 (atomic %). The composition range of an antiferromagnetism CrMnPt film is defined 
as what shows antiferromagnetism while it has the bcc crystal structure in ordinary temperature. Here, it replaces 
with Pt or an effect with the same said of what replaced the part by the metallic element more than a kind chosen 
from fi'om among Cu, Au. Co, nickel, or the platinum group is acquired. 

[0011] Moreover, it is the composition it is indicated to be desirable still more preferably by Fe2O-100nickel0-38Co 
80-0 (atomic %) that the aforementioned ferromagnetic is a FeNiCo film. The composition range of a ferromagnetic 
FeNiCo film is defined as what has the bcc crystal structure in ordinary temperature. 
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[0012] The spin bulb effect sensor is separated by the nonmagnetic membrane which consists of Cu etc.. the 
ferromagnetic is formed in the both-sides side of the nonmagnetic membrane, the laminating of one side of these 
two ferromagnetics is carried out to an antiferromagnettsm film, it serves as the fixed bed, and another side of two 
ferromagnetics serves as a free layer. Although the whole ferromagnetic used as the fixed bed can also be made into 
the bcc crystal structure in this invention, the ferromagnetic of the portion which adjoins the antiferromagnettsm 
CrMnPt film with the bcc crystal structure as a film with the fee crystal structure which made Co the principal 
component for the side [ it adjoins the nonmagnetic membrane which consists of Cu etc. considering the fixed bed 
as a laminated structure more than two-layer ] can also be made into the bcc crystal structure. 
[0013] 

[Embodiments of the Invention] The expanded sectional view seen from the surfacing side of the spin bulb effect 
sensor of this invention to drawing 1 is shown. Here, it is aluminum 203. Or it consists of layers which carried out 
the laminating of the nonmagnetic interiayer 104 which consists of a free layer 103 which consists of a nonmagnetic 
ground film 102 and a ferromagnetic on the substrate 101 which consists of aluminum2 03-TiC etc., Cu, etc.. the 
fixed bed 105 which consists of a ferromagnetic, the antiferromagnetism film 106, and the nonmagnetic protective 
coat 107 one by one. The free layer 103 which the nonmagnetic ground film 102 becomes from Ta film of 2-1 Onm 
and a ferromagnetic is carrying out the bcc crystal structure by the FeNiCo film of 3-1 Onm ♦* The nonmagnetic 
interiayer 104 consists of Gu(s) of 1.5-5nm **, and is can-ying out the fee crystal structure. The fixed bed 105 which 
consists of a ferromagnetic is carrying out the bee crystal structure by the FeNiCo film of 1.5-5nm **. The 
antiferromagnetism film 106 is carrying out the bcc crystal structure by the CrMnPt film of 5-20nm **. The 
nonmagnetic protective coat 107 is Ta. 

[0014] These films were continuously formed in the vacuum at the room temperature by the sputtering method 
When carrying out sputtering of the FeNiCo film of the fixed bed 1 05, on the other hand. Mukai s magnetic field was 
impressed to the film, and the magnetic moment of the fixed bed 105 was turned in the direction of an Impression 
magnetic field. On the FeNiCo film of the fixed bed 105, by carrying out sputtering of the CrMnPt of the 
antiferromagnetism film 106, the CrMnPt film which carried out the bee crystal structure grew epitaxially, and the 
magnetic moment of this antiferromagnetism film 106 was arranged on the FeNiCo film which carried out the bcc 
crystal structure. By this, the switched connection magnetic field occurred between the antiferromagnettsm film 106 
and the ferromagnetic 105, and the 1 direction anisotropy was able to be given to the ferromagnetic 105. 
[0015] It replaced with the fixed bed 105 which consists of the above-mentioned ferromagnetic FeNiCo film for 
comparison, and the spin bulb effect sensor of the example of comparison produced like the above was prepared 
except having used the ferromagnetic NiFe film which carried out the fee crystal structure, the graph which is a 
relation to the thickness (nm) which is the ferromagnetic fixed bed, and compared and showed switched connection 
magnetic field strength about the spin bulb effect sensor of this example of comparison and the spin bulb effect 
sensor of this invention shown in drawing 1 is drawing 2 Although the arbitrary unit shows the switched connection 
magnetic field (Hex) of a vertical axis by drawing 2 , as compared with the thing of the example of comparison using 
the ferromagnetic fixed bed which carried out the fee crystal structure, the spin bulb effect sensor of this invention 
which uses the ferromagnetic fixed bed which carried out the bcc crystal structure shows a very big switched 
connection magnetic field. The switched connection magnetic fields of ferromagnetic FeSOnickellOColO (atomic %) 
film of 3nm ** which considered the bcc crystal structure as the same antiferromagnetism film in another 
measurement to the switched connection magnetic fields between ferromagnetic CoDOFelO (atomic %) films of 3nm 
** which considered the fee crystal structure as the antiferromagnetism CrMnPt film of the bcc crystal structure 
being about 300 Oe(s) were about 400 Oe(s). 

[0016] The expanded sectional view seen from the surfacing side is shown in drawing 3 about other examples of the 
spin bulb effect sensor of this invention. The portion same at drawing 3 as drawing 1 is shown using the same sign. 
The ferromagnetic free layer 1 10 is carrying out two-layer structure, the layer which adjoins the nonmagnetic ground 
film 102 is the NiFe film 1 1 1 of the fee crystal structure, and the layer which adjoins the nonmagnetic interiayer 104 
is the CoFe film 1 1 2 of the fee crystal structure here. Moreover, the ferromagnetic fixed bed 1 20 is also carrying out 
two-layer structure, the layer which adjoins the nonmagnetic interiayer 104 is the CoFe film 121 of the fee crystal 
structure, and the layer which adjoins the antiferromagnetism film 106 is the FeNiCo film 122 of the bee crystal 
structure. Since the ferromagrietie which has sandwiched the nonmagnetic interlayers 1 04. such as Cu, is used as 
Co alloy, an electronic scattering effect is size, and the spin bulb effect sensor with this structure has the large 
magnetoresistance effect And since the ferromagnetic FeNiCo film 122 contiguous to the antiferromagnetism film 
106 is carrying out the bee crystal structure and epitaxial growth has started among these films, a switched 
connection magnetic field is large. 
[0017] 

[Effect of the Invention] While the spin bulb effect sensor of this invention has the CrMnPt film which was excellent 
in corrosion resistance as an antiferromagnetism film, a big switched connection magnetic field is acquired by having 
made into the same bcc crystal structure as a CrMnPt film crystal system of the ferromagnetic which adjoins this 
antiferromagnetism film. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is the expanded sectional view seen from the surfacing side of the spin bulb effect sensor of this 
invention. 

[Drawing 2l It is drawing showing the switched connection magnetic field strength of the spin bulb effect sensor, and 
the relation of the ferromagnetic fixed bed. 

[Drawing 31 It is the expanded sectional view seen from the surfacing side of other examples of the spin bulb effect 
sensor of this invention. 
[Description of Notations] 

101 Substrate 

102 Nonmagnetic Ground Film 

1 03 110 Ferromagnetic (free layer) 

104 Nonmagnetic Interiayer 

1 05 120 Ferromagnetic (fixed bed) 

106 Antiferromagnetism Film 

107 Nonmagnetic Protective Goat 

111 NiFe Rim 

112 121 CoFefilm 
122 FeNiCo Film 
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CLAIMS 



[Claim(s)] 

[Claim 1] The spin bulb effect sensor which the aforementioned antiferromagnetism film is a CrMnPt film of the bcc 
crystal structure, and is characterized by the aforementioned ferromagnetic carrying out the bcc crystal structure in 
the spin bulb effect sensor which an antiferromagnetism film is made to adjoin a ferromagnetic and is fixing the 
magnetization direction of the aforementioned ferromagnetic by the switched connection between the film. 
[Claim 2] The spin bulb effect sensor according to claim 1 characterized by having the composition the 
aforementioned antiferromagnetism film is indicated to be by Cr30-70 Mn3O-70 Pt 3-30 (atomic %). 
[Claim 3] The claim 1 characterized by the aforementioned ferromagnetic being a FeNiCo film, or the spin bulb effect 
sensor given in 2. 

[Claim 4] The spin bulb effect sensor according to claim 3 characterized by having the composition the 
aforementioned FeNiCo film is indicated to be by Fe20-1 00nickel0-38Co 80-0 (atomic %). 
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